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responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein 
to any specific commercial product, process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States government or Lawrence Livermore National Security, LLC. The views and opinions of 
authors expressed herein do not necessarily state or reflect those of the United States government or 
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Sabbatical	  Period:	   	   October	  1,	  2013	  to	  September	  30,	  2014,	  all	  of	  FY2014	  

Sabbatical	  Location:	   	   Lawrence	  Berkeley	  National	  Laboratory,	  Berkeley,	  CA	  

Sabbatical	  Host:	   	   David	  Shuh,	  Director	  of	  the	  Glenn	  T.	  Seaborg	  Center	  at	  LBNL	  

Runs	  at	  DOE	  User	  Facilities	  
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Conferences	  Organized	  

	   AVS	  60,	  Oct/Nov	  2013,	  Long	  Beach,	  CA,	  Actinides	  and	  Rare	  Earth	  Sessions,	  Lead	  Org.	  

	   Spring	  2014	  MRS,	  San	  Francisco,	  CA,	  Actinides	  Symposium,	  Head	  of	  Steering	  Comm.	  

Dedicated	  Volume	  on	  Actinide	  Core	  Level	  Spectroscopy,	  J.	  Electron	  Spectroscopy	  &	  Rel	  Ph.	  

	   jgt	  co-‐editor	   	   	   	   	   	   	   	   	   page	  9	  

	   two	  articles	  with	  jgt	  as	  author	   	   	   	   	   	   page	  9	  

	   journal	  cover	   	   	   	   	   	   	   	   	   page	  9	  

Invited	  Talks	   	   	   	   	   	   	   	   	   	   page	  10	  

	   Spallation	  Neutron	  Source	  Seminar,	  ORNL,	  Oak	  Ridge,	  TN,	  December	  2013	  

American	  Chemical	  Society	  National	  Meeting,	  Dallas	  TX,	  March	  2013	  

Actinide	  XAS	  2014,	  Paul	  Scherrer	  Institute,	  Boettsein,	  Switzerland	  

Glenn	  T.	  Seaborg	  Center,	  LBNL,	  Berkeley,	  CA,	  June	  2014	  

Frontiers	  in	  Nuclear	  Science	  Lecture,	  PNNL,	  Richland,	  WA,	  July	  2014	  

Seaborg	  Institute	  Seminar,	  LANL,	  Los	  Alamos,	  NM,	  September2014	   	  
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Spallation	  Neutron	  Source,	  December	  2013	  

Neutron	  Scattering	  Experiment	  upon	  CeNi:	  Looking	  for	  Electron	  Correlation	  in	  a	  Pu	  Surrogate	  

	  	  

The	  Spallation	  Neutron	  Source	  is	  located	  at	  Oak	  Ridge	  National	  Laboratory	  in	  Tennessee.	  	  I	  
travelled	  to	  ORNL	  to	  participate	  in	  the	  experiments.	  	  We	  used	  the	  Sequoia	  Facility	  at	  SNS	  to	  carry	  
out	  our	  experiments.

	  

This	  work	  was	  done	  under	  the	  auspices	  of	  our	  LLNL	  contract	  with	  the	  Russians.	  The	  leader	  of	  the	  
experimental	  team	  was	  Alex	  Mirmelstein,	  from	  VNIITF	  in	  Snezhinsk,	  Russia.	  	  The	  other	  
collaborators	  were	  from	  ORNL.	  
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Our	  MRS	  Proceedings	  has	  already	  been	  published.	  
A.V.	  Mirmelstein,	  A.	  Podlesnyak,	  A.I.	  Kolesnikov,	  B.	  Saporov,	  A.S.	  Sefat,	  and	  JG	  Tobin,	  	  	  	  	  
“Neutron	  Scattering	  of	  CeNi	  at	  the	  SNS-‐ORNL:	  A	  Preliminary	  Report,”	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Matl.	  Res.	  Soc.	  Symp.	  Proc.	  1683,	  s08-‐02	  (2014),	  DOI:	  http://dx.doi.org/10.1557/opl.2014.432.	  	  
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ALS	  Soft	  X-‐ray	  Experiments	  

Sample	  Transfer	  and	  Mounting	  in	  the	  Heavy	  Element	  Radiological	  Laboratory	  (HERL)	  at	  LBNL	  

	  

Here	  I	  am	  in	  the	  HERL	  with	  David	  Shuh	  (not	  
shown).	  

	  

UF4	  was	  shipped	  in	  a	  plastic	  box	  inside	  a	  
stainless	  steel	  can	  from	  LLNL.	  

	  

UF4	  sample	  sitting	  in	  plastic	  box	  after	  being	  
unwrapped.	  

	  

ALS	  Transport	  container	  on	  lab	  bench.	  

	  

UF4	  (blue-‐green)	  sitting	  on	  the	  adhesive	  
carbon	  strips	  on	  the	  sample	  platen.	  	  The	  
work	  was	  performed	  by	  DKS	  in	  a	  lab	  on	  the	  
first	  floor	  of	  	  B70A,	  with	  assistance	  by	  me.	  	  
The	  sample	  platen	  was	  from	  BL8,	  for	  the	  Soft	  
X-‐ray	  Fluorescence	  (SXF)	  spectrometer.	  	  The	  
plate	  is	  about	  1	  inch	  long.	  

	  

Mounted	  UF4	  sample	  in	  vessel	  for	  transport	  
to	  ALS.	  
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February	  and	  June	  2014	  

Synchrotron	  Radiation	  Beamtime	  at	  Beamline	  8	  at	  the	  Advanced	  Light	  Source	  (ALS)	  at	  LBNL	  

Soft	  X-‐ray	  Absorption	  and	  Emission	  as	  a	  probe	  of	  covalency	  in	  UO2	  and	  UF4	  

	  

	  

	  

An	  important	  issue	  which	  has	  arisen	  recently	  is	  
the	  question	  of	  the	  role	  of	  covalency	  in	  the	  
actinide	  oxides.	  	  Building	  upon	  our	  earlier	  PRL	  
in	  2011,	  we	  are	  extending	  our	  investigations	  to	  
UF4.	  	  In	  terms	  of	  formal	  charge,	  the	  U	  should	  be	  
+4	  in	  each	  of	  these	  compounds.	  	  However,	  F	  is	  
a	  stronger	  oxidizing	  agent	  and	  should	  exhibit	  
less	  covalency	  and	  more	  iconicity	  than	  the	  UO2.	  	  
The	  XAS	  K	  Edge	  (O1s	  and	  F1s)	  allow	  us	  to	  probe	  
the	  oxidant	  2p	  contribution	  to	  the	  bond.	  	  The	  U	  
4d	  XES	  is	  a	  window	  to	  the	  U	  5f	  contribution.	  

Our	  new	  measurements	  upon	  UF4,	  shown	  to	  
the	  left	  and	  compared	  with	  the	  results	  for	  UO2,	  
support	  this	  contention.	  	  Hence,	  we	  have	  
opened	  the	  door	  to	  directly	  probing	  covalency	  
in	  actinide	  oxides,	  fluorides	  and	  other	  
compounds	  with	  these	  measurements.	  	  (I	  
collected	  this	  data	  with	  Ruimin	  Qiao	  of	  the	  
ALS.)



JG	  Tobin:	  PRT/Sabbatical	  Report	  	  	  	  	  	  	  LLNL-‐TR-‐663216	  

JG	  Tobin	   23	  October	  2014	   6	  
	  

Synchrotron	  Radiation	  Beamtime	  at	  Beamline	  6-‐2	  at	  the	  Stanford	  Synchrotron	  Light	  Source	  (SSRL)	  

Hard	  	  X-‐ray	  Absorption	  and	  Emission	  as	  a	  probe	  of	  covalency	  in	  UO2	  and	  UF4

	  

	  

We	  have	  made	  use	  of	  the	  new	  facilities	  at	  BL	  6-‐2	  to	  carry	  out	  
Resonant	  X-‐ray	  Emission	  Spectroscopy	  of	  actinides.	  (I	  	  
collected	  this	  data	  with	  Corwin	  Booth	  of	  LBNL,	  with	  the	  
assistance	  of	  the	  SSRL	  Beamline	  Scientists	  Dimos	  Sokaras	  and	  
Tsu	  Chien	  Weng.)

	  

	  

Above	  is	  a	  comparison	  of	  the	  results	  for	  
UO2	  and	  UF4,	  illustrating	  the	  narrowing	  
associated	  with	  the	  more	  ionic	  UF4.	  	  While	  
the	  broadening	  in	  the	  UO2	  relative	  to	  the	  
UF4	  can	  be	  shown	  to	  be	  driven	  by	  ligand	  
field	  symmetry	  effects,	  it	  is	  possible	  that	  
covalency	  is	  closely	  related	  to	  the	  
broadening.	  

To	  the	  left	  is	  some	  Pu	  L3	  edge	  data.	  	  We	  
also	  worked	  on	  some	  Pu	  compounds.	  
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Synchrotron	  Radiation	  Beamtime	  at	  Beamline	  11-‐2	  at	  the	  Stanford	  Synchrotron	  Light	  Source	  (SSRL)	  

Hard	  	  X-‐ray	  Absorption,	  XANES	  and	  EXAFS,	  	  as	  a	  probe	  of	  covalency	  in	  UO2	  and	  UF4	  

	  

The	  beamline	  setup.	  

	  

Left:	  UF4	  is	  monoclinic.	  

Right:	  UO2	  is	  a	  fluorite	  
(cubic)	  structure	  	  	  

	  

	   	   	   .

XANES	  is	  a	  measure	  of	  the	  unoccupied	  electronic	  strucure.	  	  EXAFS	  provides	  information	  about	  
nearby	  scatterers	  and	  thus	  bond	  lengths.	  	  Corwin	  Booth	  and	  I	  collected	  this	  data	  on	  BL	  11-‐2	  in	  
April	  2014.	   	  



JG	  Tobin:	  PRT/Sabbatical	  Report	  	  	  	  	  	  	  LLNL-‐TR-‐663216	  

JG	  Tobin	   23	  October	  2014	   8	  
	  

Here	  are	  some	  BL	  11-‐2	  results	  from	  a	  Pu	  system.
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Dedicated	  Volume	  on	  Actinide	  Core	  Level	  Spectroscopy	  
Editorship	  	  

P.	  Bagus,	  R.L.	  Martin,	  and	  J.G.	  Tobin,	  ed.,	  Actinide	  Core	  Level	  Spectroscopy	  and	  
Electronic	  Structure,”	  J.	  Electron	  Spectroscopy	  and	  Rel.	  Phen.,	  194,	  1	  (2014);	  
http://dx.doi.org/10.1016/j.elspec.2014.05.006.	  	  
Refereed	  Publications	  	  
1.	  	   J.G.	  Tobin,	  “The	  apparent	  absence	  of	  chemical	  sensitivity	  in	  the	  X-‐ray	  absorption	  
spectroscopy	  of	  uranium	  compounds,”	  J.	  Electron	  Spectroscopy	  and	  Rel.	  Phen.,	  194,	  14	  (2014);	  
http://dx.doi.org/10.1016/j.elspec.2014.01.020.	  	  
2.	  	   M.V.	  Ryzhkov,	  A.	  Mirmelstein,	  B.	  Delley,	  S.-‐W.	  Yu,	  B.W.	  Chung,	  J.G.	  Tobin,	  “The	  Effects	  of	  
Mesoscale	  Confinement	  in	  Pu	  Clusters,”	  J.	  Electron	  Spectroscopy	  and	  Rel.	  Phen.,	  194,	  45	  (2014);	  
http://dx.doi.org/10.1016/j.elspec.2013.11.015.,	  COVER	  ARTICLE.	   
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Invited	  Talks	  	  
	  

1. JG	  Tobin,	  “Soft	  X-‐ray	  Spectroscopy	  of	  the	  Actinides,”	  Spallation	  Neutron	  Source	  

Seminar,	  Oak	  Ridge	  National	  Laboratory,	  Oak	  Ridge,	  TN,	  December	  12,	  2013.	  	  

2. JG	  Tobin,	  “The	  Absence	  of	  Chemical	  Sensitivity	  in	  the	  4d	  and	  5d	  X-‐ray	  Absorption	  

Spectroscopy	  of	  Uranium	  Compounds,”	  Norman	  Edelstein	  Award	  Sessions,	  ACS	  

National	  Meeting,	  Dallas,	  TX,	  March	  2014.	  	  

3. JG	  Tobin,	  “Evolution	  in	  Pu	  Nanocluster	  Electronic	  Structure:	  From	  Atomicity	  to	  3-‐D,”	  

ACS	  National	  Meeting,	  Dallas,	  TX,	  March	  2014.	  	  

4. JG	  Tobin,	  “The	  Absence	  of	  Chemical	  Sensitivity	  in	  the	  4d	  and	  5d	  X-‐ray	  Absorption	  

Spectroscopy	  of	  Uranium	  Compounds	  and	  How	  To	  Get	  Around	  It,”	  Actinide	  XAS	  

2014,	  Paul	  Scherrer	  Institute,	  Schloss	  Boettstein,	  Boettstein,	  Switzerland,	  May	  2014.	  

5. JG	  Tobin,	  “Resolving	  the	  Issues	  of	  5f	  Covalency	  and	  Ionicity	  in	  UO2	  and	  UF4,”	  Glenn	  

T.	  Seaborg	  Center	  Seminar,	  Lawrence	  Berkeley	  National	  Laboratory,	  Berkeley,	  CA,	  

June	  11,	  2014.	  

6. JG	  Tobin,	  “Resolving	  the	  Issues	  of	  5f	  Covalency	  and	  Ionicity	  in	  UO2	  and	  UF4,”	  

Frontiers	  in	  Nuclear	  Science	  Lecture	  Series,	  Pacific	  Northwest	  National	  Laboratory,	  

Richland,	  WA,	  July	  24,	  2014. 

7. JG	  Tobin,	  “Resolving	  the	  Issues	  of	  5f	  Covalency	  and	  Ionicity	  in	  UO2	  and	  UF4,”	  

Seaborg	  Institute	  Seminar,	  Los	  Alamos	  National	  Laboratory,	  Los	  Alamos,	  NM,	  

September	  24,	  2014.	  

	  

 


